




39 Page 39-46 © MAT Journals 2019. All Rights Reserved 
 
Journal of Mechanical and Mechanics Engineering  
e-ISSN: 2581-3722 
Volume 5 Issue 3  
Inflatable Swirl Vanes Design for Air Fuel Mixture in the 
Aircraft Combustion Chamber Designed for Higher Turbulence 
Combustion 
 
Anwar Wali Gutti*¹ 
¹Sr. Loads Engineer 
Department of Mechanical Engineering, 
JSPM's Rajashri shahu college of engineering, Pune, Maharashtra, India 
Email: anwargutti@gmail.com 
DOI:  http://doi.org/ 10.5281/zenodo.3522607 
 
Abstract 
The product design disclosed in this paper is an important component of the airplane 
engines. The product solves the problem of turbulence variation adjustment for the incoming 
air in the air plane for combustion. It consists of a telescopic shaft carrying circular 
inflatable pipes having expanding inflatable blades. The purpose of the swirl vanes is to 
reduce the speed of the incoming air and create turbulence by wake effect so that the air can 
be properly mixed with the fuel and undergo combustion. The shaft is an assembly of different 
size hollow pipes which can slide inside each other in forward and backward direction 
attached with inflatable pipes through outside with expanding blades at sideways. The 
incoming air is divided in two streams, out of which one is supplied to the swirl vanes to 
expand and inflate it, after it expands and inflate which depends upon the air speed then the 
other stream flows over the swirl vanes and gets turbulent and fuel is sprayed on it and then 
undergoes combustion. Also the combustion chamber is designed using the compress 
software to handle the excess pressure and temperature of the combustion generated by using 
the swirl vanes. 
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INTRODUCTION 
This swirl vanes relates to the swirl vanes 
design in the aircraft engines which are 
used to create turbulence in the air passing 
through it [1]. In the airplanes, the air 
entering for combustion has a very high 
speed and at such high speed it is 
impossible to prepare proper air fuel ratio 
by spraying the fuel in the air and as a 
result improper combustion will take place 
[5]. Swirl vanes create turbulence and help 
in creating proper air fuel ratio for 
combustion. 
 
Compared to the traditional swirl vanes 
these swirl vanes are flexible and adjust 
their shapes according to the air flow and 
maintain constant turbulence which will 
help in proper combustion. In the 
conventional swirl vanes used in the 
airplane engines it is a rotor with blades. 
The disadvantage of the design is that 
there is stalling effect created on the blades 
of the swirl vanes due to which there is a 
type of air blockage created which 
obstructs the incoming air and less air is 
been supplied to the combustion chamber 
[7]. Also, it is affected by other problems 
like vibrations, cracking in the bearings, 
damage to the blades which in furthur 
actions will affect the turbulence creation 
respectively [9]. Hence, there was a need 
for a better and steady shape turbulence 
creating swirl vane design. 
 
Work Functions of the Inflatable Swirl 
Vanes 
 The Swirl vanes will create wake 
affected turbulence in the air flowing 
over it. 
 The swirl vanes will filters the air and 
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used to activate the swirl vanes and 
other to flow the air above it. 
 The swirl vanes as per the air speed, 
transforms the scale or size to create 
the constant turbulence in air required 
for combustion. 
 The swirl vanes will constantly adjusts 
the air flow over itself to create the 
constant turbulence required for 
combustion. 
 
Detail Working of the Inflatable Swirl 
Vanes 
The purpose of these swirl vanes is to 
induce turbulence in the incoming air 
which will undergo combustion in the 
airplane engine respectively [8]. Compared 
to traditional swirl vanes, these swirl vanes 
transform their shape which is done using 
the same input air. 
The design of the swirl vanes helps it to 
introduce wake turbulence in the airflow 
which is more efficient way to introduce 
turbulence as compared to the traditional 
swirl vanes. 
 
The swirl vane assembly as shown in Fig. 
1 comprises of a shaft (3) which consist 
different size pipes that slide within each 
other providing telescopic movement for 
increasing and decreasing the size of the 
shaft body. 
 
An inlet (5) is attached at bottom end of 
shaft to expand it. A circular pipe (2) is 
coiled around the main shaft body. The 
end of the pipe coil (2) is sealed by 
metallic plate (4). The pipe (2) is 
connected to the blade (1) which is in 
compressed position as shown in Fig. 1. 
The pipe (2) has holes to allow air to pass 
through the blades and expand it. 
 
 
Figure 1: Assembly view of the inflatable swirl vanes. 
 
The telescopic movement in shaft is 
explained in Fig. 2 were a small diameter 
pipe (6) is inserted in the larger diameter 
pipe (7). A circular plate (8) is welded on 
the pipe (6) such that when inserted in pipe 
(7) the plate (8) just touches the inner 
diameter of the pipe (7). Then a circular a 
plate (9) is welded on pipe (7) so that the 
plate (8) gets locked inside the pipe (7). 
The clearance between the plate (9) and 
the outer diameter of pipe (6) is shown as 
(10) in Fig. 2. In this way one pipe can 
slide inside other but cannot be detached 
from it.  In Fig. 3, the inflated view of the 
blade (1) is shown. The blade inflates 
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flows in the blade through a hole 
connecting the lateral (1) and the pipe coil 
(2).  
 
There is a compressible truss structure of 
the blade that provides stiffness to the 
blade. The no. of blades varies as per the 
requirement of the airplanes and on the 
thrust that needs to be produces so 
according to it the turbulence will be 




Figure 2: Detail drawing for the telescopic shaft. 
 
 
Figure 3: Isometric view of the expanding blade. 
 
From Fig. 4, we can see that the part of the 
instrument called the air distributor is 
responsible for providing the air flow to 
the swirl vanes and also flow the air over 
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Figure 4: Detail drawing of the component for activating the swirl vanes and flowing the air 
over it. 
 
Air from the atmosphere moves in through 
the inlet (14) which is the elbow shaped 
joint which passes it through the pipe (16) 
which contains a non-return valve 
respectively.  
 
Through the pipe (16), it flows through a 
filter screen (15) in the cylinder (13) were 
any impurities in the air are removed 
respectively. Though it the air flows in the 
compartment (17). In the cylinder (17) 
there is a piston (21) which is connected to 
the spring (22).  
 
The spring is connected to the end (20). 
There are two outlets (18) and (19) 
respectively in the cylinder (17). When air 
comes in the cylinder (17) it pushes the 
piston backwards, but at the same time 
through a nozzle (23) on the piston (21) 
the incoming air moves on the spring side 
of the piston also and as the pipe (16) has a 
non-return valve the incoming air can only 
flow inside and not outside. 
 
Once the air flows on the front side of the 
piston it moves outside through the outlet 
(18) to the to the inlet (5) of the swirl 
vanes which activate or expand the swirl 
vanes, so most of the initial incoming air is 
utilized in expanding the swirl vanes, but 
some amount of air moves through the 
nozzle (23) at the back side of the piston 
(21) and pushes the piston forward and at 
the same time moves out through the outlet 
(19) respectively.  
 
This air flows over the swirl vanes were 
wake turbulence is induced in it, and 
therefore a balance is maintained between 
the front side and backside of the piston. 
Also once the swirl vane is completely 
filled no more air enters the vane and 
therefore all the air flows at the backside 
and then through the outlet (19) over the 
vanes. 
 
Now, the other most important thing 
happens is that if the air speed increases 
more air will be flowing at the backside of 
the piston and will push it forward and 
also the state of the swirl vane will be 
completely expanded so higher turbulence 
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decreases then the air flowing at the 
backside of the piston also decreases and 
therefore the pressure on the front side is 
more than that on the backside 
respectively.  
 
This will push the piston backwards and 
air will be sucked from the vanes and 
therefore the shape or scale size of the 
circular pipe, the blade expansion will 
reduce and therefore for low speed air the 
shape now achieved by the vane will be 
efficient to produce similar turbulence. 
Therefore no matter what the speed of the 
air a constant turbulence will be prepared 
as per the standard air flow ratio required 
for combustion. 
 
Air Distributor Strainer/Filter Plate 
Stress Analysis using Stadd Software 
The incoming wind has a tremendous 
amount of kinetic energy, this wind first 
passes through the strainer plate or the 
filter plate, this plate needs to sustain the 
high speed winds. The design of the plate 
will play an important role in the 
functioning of the air distributor [2]. The 
strainer plate is designed and its stress 
analysis is carried out using the Stadd 
software as shown in Fig. 5−8.
   
 
Figure 5: Strainer plate 3-D model using point and line elements.
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Figure 7: Strainer plate defining load cases.
 
 
Figure 8: Strainer plate displacements.
 
Air Distributor Design Using Compress 
The air distributor vessel will be designed to 
sustain the inside pressure [3]. The thickness 
of the vessel is selected as per the operating 
pressure which is at the maximum considered 
at 150-300 psi and a design temperature up to 
100 degree Celsius. 
The vessel is designed as per the ASME 
sec VII div 1 and IS 2825 codes. 
 
The detail specification of the pressure 
vessel is given in Table 1. The design of 
pressure vessel in the compress software is 
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 Table 1: Pressure vessel design specifications. 
Sr. no Component Details 
1 Pressure vessel shell type Cylindrical type 
2 Head type Hemispherical/Ellipsoidal 2:1 
3 Flanges type Weld neck type 
4 Nozzle material SA 13 grade B seamless pipe 
4 Pressure vessel material SA 516 grade. 70 
5 Head material SA 516 grade. 70 
7 Flanges & bolts material ANSI B16.5 & 300psi of stainless steel 
8 Codes ASME sec VII. Div. 1 & IS 2825 
9 Pressure vessel lining Three layers of FRP. 
10 design pressure 150 to 300 psi 
11 design temperature 100 degree Celsius 
12 Weld joints Full penetration welded joints 
 
 
Figure 9: Air distributor vessel 3D modeling on compress software.
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Figure 11: Air distributor welding stress analysis around nozzles on compress software.
CONCLUSIONS 
In this paper, the design of swirl vane is 
made more dynamic so that it can react 
according to the incoming speed of air and 
adjust the turbulence of the air so that 
proper air fuel mixture can be created. The 
most important aspect of the design is that 
the incoming air is divided in two separate 
streams which balance each other and one 
stream helps in creating turbulence in the 
another stream, which is like the air is 
itself used to create the turbulence and the 
device just acts as a medium in doing this. 
 
From the vessel design and analysis on the 
compress software the air distributor 
chamber is designed to handle the pressure 
and temperature which can rise. Also, the 
structural analysis of the strainer plate is 
done to handle the wind loads using the 
Stadd software. The swirl vanes will 
balance the excess intake air and provide 
the right proportion of air for creating 
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